Introduction {#Sec1}
============

Cardiovascular disease (CVD) arising from atherosclerosis remains the leading cause of death in both developed and developing countries except for Africa \[[@CR1]--[@CR3]\]. Coronary artery disease and stroke account for 80% of CVD deaths in males and 75% of CVD deaths in females \[[@CR3]\]. Many vasoactive peptides, inflammatory cytokines, and oxidative products are involved in the progression of atherosclerosis \[[@CR4]\]. Atherosclerotic plaque is shaped by the interplay of pro- and antiatherogenic factors both within the atherosclerotic aorta and systemically \[[@CR4]--[@CR6]\]. Urotensin II (UII) is a vasoactive cyclic peptide that is composed of 11 amino acids that are highly expressed in the human cardiovascular system together with its G protein-coupled receptor GPR14, now known as the urotensin II receptor (UTR) \[[@CR7], [@CR8]\]. Clinical studies have shown positive correlations between increased plasma UII level and the severity of atherosclerosis in coronary and carotid arteries, diabetes mellitus and renal failure \[[@CR9]--[@CR14]\]. Studies in animal models also show that UII may participate in the development of atherosclerosis \[[@CR15]--[@CR17]\].

It is generally established that unstable plaque is the major cause of acute clinical sequelae of atherosclerosis \[[@CR18]\]. The cellular components, necrotic core size, collagen fiber content, and other systemic risk factors all contribute to plaque destabilization \[[@CR18]--[@CR22]\]. Circulating UII was reported to promote atherosclerosis progression and foam cell formation in animal models \[[@CR15], [@CR16]\]. Circulating UII increases plasma reactive oxygen species levels, oxidizes low-density lipoprotein and upregulates the expression of matrix metalloproteinases 1 and 9, scavenger receptors and acyl-CoA, which are important molecules in the initiation and progression of atherosclerosis \[[@CR15], [@CR16], [@CR23]\]. In addition to systemic effects, many active biological peptides can also exert a wide range of biological effects, especially in regards to the regulation of cardiovascular homeostasis, local and generalized inflammation, and cell proliferation and migration in autocrine, paracrine, and endocrine manners \[[@CR24]--[@CR26]\]. Whether autocrine/paracrine UII changes the cellular components of plaque and contributes to its destabilization remains to be studied, and whether an in vivo blockade of UII provides protection against atherosclerosis or improves plaque stability should be clarified.

Rabbit models are widely used in atherosclerosis research because of several advantageous traits. The lipoprotein metabolism of rabbits closely mimics that of humans, and their larger size facilitates noninvasive arterial analysis and provides sufficient arterial tissues and atherosclerotic lesions for harvest \[[@CR27], [@CR28]\]. Rabbits are susceptible to cholesterol-induced atherosclerosis, with lesions resembling those observed in human atherosclerosis, ranging from early-stage lesions (fatty streaks) to complicated lesions (fibrous plaques). In this study, previously created macrophage-specific UII-overexpressing transgenic rabbits were used to study the role of autocrine/paracrine UII in the cellular components of plaque \[[@CR17]\]. This newly created model with locally overexpressed UII is an idea tool to clarify the role of autocrine/paracrine UII in atherosclerosis development. Urantide, an ultrapotent UII antagonist peptide \[[@CR29]\], was also continuously infused into hyperlipidemic rabbits by osmotic mini-pumps to study its effects on plaque progression compared with those of UII and to evaluate the potential therapeutic value of UII/UTR as an atherosclerotic plaque target.

Materials and methods {#Sec2}
=====================

Animals {#Sec3}
-------

The generation of transgenic rabbits expressing human UII (hUII) in macrophages was conducted in our laboratory by microinjection as described previously \[[@CR17]\]. hUII transgenic rabbits (*n* = 7 male and *n* = 10 female) and their nontransgenic littermates (*n* = 7 male and *n* = 10 female) were fed a high cholesterol diet (HCD, 0.3% cholesterol) for 16 weeks to induce atherosclerosis. Male wild-type Japanese white rabbits were supplied by the Laboratory Animal Center of Xi'an Jiaotong University for urantide infusion. To avoid the hemodynamic effects induced by an intravenous bolus injection, urantide (5.4 µg ·kg^−1^· h^−1^, GL Biochem, Shanghai, China) was continuously subcutaneously infused with osmotic mini-pumps (Alzet Model 2006, Durect, Cupertino, CA, USA). The osmotic mini-pumps were loaded with either urantide dissolved in saline (vehicle) or vehicle and implanted subcutaneously at the backs of the necks of rabbits anesthetized with isoflurane. The osmotic pumps were replaced every 6 weeks. All rabbits were fed an HCD for 16 weeks. The experimental protocols were approved by the Laboratory Animal Administration Committee of Xi'an Jiaotong University and were performed according to the Guidelines for Biomedical Experimentation of Xi'an Jiaotong University (No. 2017-582).

Measurement of body weight, plasma lipids, and blood pressure {#Sec4}
-------------------------------------------------------------

The body weights and plasma lipid levels of all rabbits were measured every 2 weeks. After 16 h of food deprivation, blood samples were collected via the auricular artery using an EDTA anticoagulant tube and then centrifuged (3000 rpm, 15 min, 4 °C) to obtain plasma. The plasma levels of total cholesterol, triglycerides (TG), and high-density lipoprotein-cholesterol (HDL-C) were measured using BioSino assay kits (Bio-Technology & Science, Inc., Beijing, China). The plasma levels of tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6) were measured with ELISA kits according to the manufacturer's instructions (R&D Systems, Minneapolis, MN, USA). At the end of the experiment, blood pressure (BP) was measured in each group of rabbits as previously described \[[@CR30]\]. Briefly, the rabbit medial auricular artery was cannulated with a 23G cannula, and the BP and heart rate were recorded using a transducer positioned at heart level in a quiet room. After the rabbits became calm, data were collected for 12--25 min using PowerLab (ADInstruments, Bella Vista, New South Wales, Australia).

Atherosclerotic lesion analysis {#Sec5}
-------------------------------

At the end of the experiment, the rabbits were euthanized by an overdose of sodium pentobarbital to enable analysis of the atherosclerotic lesions. The entire aortic tree was fixed in 10% neutral buffered formalin and stained with Sudan IV (Yongsheng Chemical Co., Ji-nan, China). The area of the atherosclerotic lesion (sudanophilic area) was measured using image analysis software (WinRoof 6.5, Mitani Co. Ltd., Tokyo, Japan). For microscopic quantification of the lesion area, each segment of the rabbit aorta was cut into cross sections (8--10 for the aortic arch and 20 for the thoracic aorta) as described previously \[[@CR15]\]. For microscopic evaluation of the cellular components in the lesions, serial paraffin sections of the thoracic aortas were immunohistochemically stained with antibodies (Abs) against macrophages (Mφ) (1:500; RAM11, Dako, Glostrup, Denmark) and smooth muscle cells (SMCs) (1:400; α-actin, Thermo, Carlsbad, USA). To further explore the plaque components, we also performed Masson's trichrome and immunohistochemical staining with Abs against MMP-2 (1:800; MAB3308, Millipore, Darmstadt, Germany) and MMP-9 (1:50; IM37, Millipore, Darmstadt, Germany). The sections for microscopic quantification were examined and photographed under a microscope equipped with a digital camera and measured with the previously mentioned image analysis software. The cellular component analysis of circled plaque was performed by excluding the artery wall with image software.

Adipose tissue and organ sample collection {#Sec6}
------------------------------------------

At the end of the 16-week experiment, rabbits were euthanized, and adipose tissues throughout the body were carefully removed and weighed. We divided adipose tissues into (i) subcutaneous adipose tissue, including fat from the inguinal, axilla, and scapular regions, and (ii) visceral adipose tissue from the abdominal cavity, mesenterium, and retroperitoneal fat. The liver, skeletal muscle (soleus), kidney, spleen, heart, lung, pancreas, and bone marrow were removed, weighed and fixed in 10% neutral buffered formalin for subsequent morphological analysis.

In vitro human umbilical vein endothelial cell experiments {#Sec7}
----------------------------------------------------------

Human umbilical vein endothelial cells (HUVECs) were isolated from human umbilical cords using 0.1% (*w/v*) collagenase and then cultured in M199 medium supplemented with 20% fetal bovine serum (Gibco/Invitrogen, Carlsbad, CA, USA), 100 U/mL penicillin (Life Technologies, Carlsbad, CA, USA), 100 mg/mL streptomycin (Life Technologies), 100 mg/mL heparin sodium (Fluka/Sigma-Aldrich, St. Louis, MO, USA), and 1% (*v/v*) endothelial cell growth supplement (ScienCell Research Laboratories, Carlsbad, CA, USA). Cultured HUVECs were treated with UII (50 nM, GL Biochem, China) alone or UII together with the UII receptor antagonist urantide (50 nM) for 24 h. Cellular protein aliquots (20 mg) were separated by 10% SDS-PAGE and subjected to Western blotting with rabbit polyclonal Abs against human vascular cell adhesion molecule-1 (VCAM-1) (Epitomics, Burlingame, CA, USA) and intercellular adhesion molecule-1 (ICAM-1) (Epitomics, Burlingame, CA, USA). Umbilical cords were obtained from participants who provided informed consent. The protocol was approved by the Xi'an Jiaotong University Ethics Committee. The investigation also adhered to the principles outlined in the Declaration of Helsinki for the use of human tissues or subjects.

Statistical analysis {#Sec8}
--------------------

Data are expressed as the mean ± SEM. Statistical analysis was performed using Student's *t* test with an equal *F* value or Welch's *t*-test when the *F* value was not equal. For more than two groups, one-way ANOVA was conducted. *P* \< 0.05 was considered significant.

Results {#Sec9}
=======

The plasma parameters and gross plaque size in transgenic rabbits {#Sec10}
-----------------------------------------------------------------

The generation of transgenic rabbits expressing hUII in macrophages was conducted in our laboratory by microinjection as described in a previous study \[[@CR17]\]. In the transgenic rabbit experiment, both male and female rabbits were used to observe the role of macrophages-overexpressing hUII in the progression of atherosclerosis and the existence of sex differences. As shown in Supplementary Fig. [1](#MOESM1){ref-type="media"}, with HCD-induced hyperlipidemia, the plasma lipid levels in female rabbits were higher than those in male rabbits in both transgenic and nontransgenic animals. In transgenic rabbits, the lipid levels of females were significantly higher than those of males (Supplementary Fig. [1e, f](#MOESM1){ref-type="media"}).

However, analysis of the en face aortic lesion areas revealed that the whole aortic atherosclerotic lesions of males were significantly larger, by 100% in nontransgenic rabbits and 56% in transgenic rabbits, than those of females (Fig. [1](#Fig1){ref-type="fig"}). The thoracic lesion size mainly contributed to this difference (Fig. [1d](#Fig1){ref-type="fig"}). When same-sex transgenic and nontransgenic rabbits were compared, no significant difference was found. These results showed that the sex differences in plaque were not significantly affected by macrophages-overexpressing UII. However, autocrine/paracrine UII in macrophages also did not significantly change the gross lesion size in transgenic rabbits compared with that in their nontransgenic littermates.Fig. 1Quantitation of aortic atherosclerosis by en face Sudan IV staining in UII-transgenic rabbits and their nontransgenic littermates. ♂ male, ♀ female, Tg transgenic, Non-Tg nontransgenic. Data are expressed as the mean ± SEM. *n* = 7--10 for each group. \**P* \< 0.05

Overexpressed UII changes the cellular components of arch plaque {#Sec11}
----------------------------------------------------------------

We further examined sections of plaque under a light microscope and quantified the lesion areas. Photographs of the aortic arch cross-section stained with hematoxylin-eosin and elastica van Gieson are shown in Fig. [2a](#Fig2){ref-type="fig"}. Histological examinations revealed that the lesions in all rabbits mainly consisted of fatty streaks. Macrophages-overexpressing UII did not markedly change the microscopic lesion size in any animals (Fig. [2a, b](#Fig2){ref-type="fig"}). We next quantified the cellular components (macrophage- and SMC-positive), revealing a significant increase of 52% in the macrophage-positive area in male transgenic rabbits compared with that in their nontransgenic littermates (Fig. [2c](#Fig2){ref-type="fig"}). However, both male and female transgenic rabbits showed significant decreases, \~1-fold, in the proportion of the SMC-positive area compared with that in nontransgenic rabbits (Fig. [2d](#Fig2){ref-type="fig"}). To evaluate the collagen content, we stained the sections with Masson's trichrome. Compared with that in nontransgenic rabbits, the collagen content in transgenic rabbits was decreased (Supplementary Fig. [2](#MOESM2){ref-type="media"}). There was no obvious difference in body weight, with similar food consumption, in all rabbits at either the start or the end of the experiment (Supplementary Fig. [3a, b](#MOESM3){ref-type="media"}). The adipose tissue weight was not significantly altered by macrophages-overexpressing UII in comparison with that in control nontransgenic rabbits (Supplementary Fig. [3d--f](#MOESM3){ref-type="media"}). The adipose tissue weight in females tended to be higher than that in males in both transgenic and nontransgenic rabbits (Supplementary Fig. [3d--f](#MOESM3){ref-type="media"}). Macrophages-overexpressing UII also slightly increased BP, but the difference was not significant (Supplementary Fig. [4](#MOESM4){ref-type="media"}). Our previous study showed that a high level of circulating UII promotes the development of atherosclerotic lesions and destabilizes atherosclerotic plaques in male rabbits \[[@CR15]\]. Together, our results demonstrate that both circulating and autocrine/paracrine UII were involved in the development of plaque and that the effects of UII were more obvious in male rabbits than in female rabbits.Fig. 2Quantitation of microscopic aortic atherosclerosis. **a** Serial paraffin sections of the aortic arch were stained with hematoxylin-eosin (HE) and elastica van Gieson (EVG) or immunohistochemically stained with monoclonal antibodies (mAbs) against either macrophages (Mφ) or smooth muscle α-actin (SMA) for smooth muscle cells (SMCs). Quantitation of intimal lesions on EVG-stained sections (**b**) and positively stained areas of Mφ (**c**) and SMC (**d**). ♂ male, ♀ female, Tg transgenic, Non-Tg nontransgenic. Data are expressed as the mean ± SEM. *n* = 7--10 for each group. \**P* \< 0.05

Effect of urantide on gross plaque size in wild-type rabbits {#Sec12}
------------------------------------------------------------

To test whether targeting UII/UTR affects the progression of atherosclerosis, wild-type hyperlipidemic rabbits were used, as they more closely resemble the human situation than genetically modified animals. Urantide infusion did not significantly decrease the gross en face atherosclerotic lesion size in HCD-fed rabbits (Fig. [3](#Fig3){ref-type="fig"}). Compared with those in the controls, the plasma lipid levels in rabbits infused with urantide were not significantly different (Supplementary Fig. [5](#MOESM5){ref-type="media"}). The dose of urantide used also did not significantly change the BP (Table [1](#Tab1){ref-type="table"}). Urantide only slightly affected the plasma alanine aminotransferase (ALT) and aspartate transaminase (AST) levels. The plasma levels of inflammatory cytokines, including CRP, TNF-α, and IL-6, were also measured, but the difference between groups was not significant (Table [1](#Tab1){ref-type="table"}).Fig. 3Quantitation of plaque size in urantide infused and control rabbits. Data are expressed as the mean ± SEM. *n* = 10 for each groupTable. 1Plasma cytokine, ALT, AST, and blood pressure levels in each group of rabbitsControl rabbitsUrantide infused rabbitsIL-6 (pg/mL)186 ± 51121 ± 41TNF-α (pg/mL)225 ± 78246 ± 102CRP (ng/mL)54 ± 1153 ± 8ALT (U/L)38.00 ± 2.7233.82 ± 1.90AST (U/L)19.70 ± 1.3918.09 ± 1.39SBP (mmHg)98.92 ± 3.6299.56 ± 1.87DBP (mmHg)91.44 ± 3.7488.54 ± 2.14*IL-*6 interleukin-6, *TNF-α* tumor necrosis factor-α, *CRP* C-reactive protein, *ALT* alanine aminotransferase, *AST* aspartate transaminase, SBP systolic blood pressure, *DBP* diastolic blood pressures

Urantide infusion inhibits macrophage-derived foam cell formation {#Sec13}
-----------------------------------------------------------------

Along with the sudanophilic en face area of the aortic arch and thoracic and abdominal aortas, microscopic measurement of the intimal lesion size and immunohistochemical quantification of the plaque cellular components (macrophages and SMCs) were performed after urantide infusion. Quantitative analysis of the cellular components showed that urantide significantly decreased the macrophage-positive area in male wild-type rabbits compared with that in controls (Fig. [4a--c](#Fig4){ref-type="fig"}). However, urantide infusion did not significantly affect the microscopic lesion size (Fig. [4b](#Fig4){ref-type="fig"}). The urantide infusion also increased the plaque collagen content and decreased the SMC-positive area compared with those in the control group (Fig. [4d, e](#Fig4){ref-type="fig"}). Taken together, these results indicate that tissue autocrine/paracrine UII plays an important role in shaping atherogenesis by changing cellular components, and these changes can be reversed by systemic administration of urantide.Fig. 4Quantitation of microscopic aortic atherosclerosis. **a** Serial paraffin sections of the aortic arch were stained with hematoxylin-eosin (HE) and Masson's trichrome or immunohistochemically stained with monoclonal antibodies (mAbs) against either macrophages (Mφ) or smooth muscle α-actin (SMA) for smooth muscle cells (SMCs). Quantitation of intimal lesions on EVG-stained sections (**b**), positively stained areas of Mφ (**c**) and SMC (**d**), and collagen content (**e**). Data are expressed as the mean ± SEM. *n* = 7--10 for each group. \**P* \< 0.05 and \*\**P* \< 0.01 versus the control

Effects of UII and urantide on HUVEC-secreted adhesion molecules {#Sec14}
----------------------------------------------------------------

To determine the role of UII and urantide in the expression of vascular adhesion molecules in endothelial cells, cultured HUVECs were treated with different doses of UII alone or together with urantide. The VCAM-1 and ICAM-1 mRNA levels were increased by UII in a dose-dependent manner (Fig. [5a, b](#Fig5){ref-type="fig"}). UII treatment also significantly increased the protein expression levels of VCAM-1 and ICAM-1 compared with those in the controls. The increased expression of VCAM-1 and ICAM-1 was partially reversed by urantide (Fig. [5c--e](#Fig5){ref-type="fig"}).Fig. 5Effects of UII and urantide on VCAM-1 and ICAM-1 expression in HUVECs (**a**--**e**). Dose dependent mRNA levels of VCAM-1 and ICAM-1 (**a**, **b**); protein expression levels of VCAM-1 and ICAM-1 after treatment with 50 nM UII with or without urantide (*n* = 3 for each group) **(c, d, e)**; and plasma UII levels in CAD patients (*n* = 24 for males and *n* = 16 for females) **(f)**. Data are expressed as the mean ± SEM. \**P* \< 0.05 and \*\**P* \< 0.01

Discussion {#Sec15}
==========

Accumulated clinical and laboratory evidence shows that high circulating UII levels are positively associated with the progression of atherosclerosis \[[@CR9]--[@CR13], [@CR15], [@CR16]\]. Atherogenesis is shaped by the interplay of pro- and antiatherogenic factors both within the atherosclerotic aorta and systemically \[[@CR5], [@CR6], [@CR31]\]. Whether plaque is also affected by local cells secreting UII, such as macrophages, and whether an in vivo blockade of UII protects against atherosclerosis or improves plaque stability should be examined further. In this study, we created macrophage-specific hUII-overexpressing transgenic rabbits to explore the role of autocrine/paracrine UII in the cellular composition of lesions and its contribution to plaque destabilization. Macrophage-overexpressing UII was found to significantly increase macrophage-derived foam cell formation and decrease SMC-derived foam cell formation in male transgenic rabbits. Although the aortic plaque areas in male UII transgenic animals seemed to be slightly increased compared with those in nontransgenic animals, these effects were overshadowed by the decrease in thoracic and abdominal aortic areas. This result is potentially related to individual variance or the progression of atherosclerosis in rabbits, in which aortic plaque formation occurs earlier than that at other positions. However, local UII significantly changed only the SMC-positive area in female rabbits. The sex differences may be due to the antiatherogenic effects of estrogen in young female animals \[[@CR32]--[@CR34]\]. Sex differences are an old topic in the study of atherosclerosis. Both our laboratory and others have found that endogenous estrogen exerts antiatherogenic effects \[[@CR32], [@CR35]--[@CR38]\]. In agreement with other studies \[[@CR35]--[@CR38]\], we also found an antiatherosclerotic effect of estrogen in female rabbits, independent of a significant influence on plasma cholesterol concentrations. Normal female rabbits \[[@CR37]\] with a 12-week 0.5% cholesterol diet and female heterozygous Watanabe heritable hyperlipidemic (spontaneous LDL receptor deficiency) rabbits \[[@CR39]\] with a 3-year normal diet even showed higher lipid plasma values than male rabbits. These data suggest that complex hormone interactions, which are independent of changes in plasma lipids, may play an important role in the process of atherogenesis \[[@CR35]\]. We also measured the plasma UII levels of aged inpatients with coronary artery disease, and a higher tendency was found in females than in males (Fig. [5f](#Fig5){ref-type="fig"}), demonstrating that higher UII levels may contribute to atherosclerosis in postmenopausal women. In future studies, blood samples from the atherosclerotic coronary lumen may be needed to determine the local vascular microenvironment UII levels and find an association with the plaque level. Current studies show that circulating UII is positively associated with plaque growth and vulnerability, via both systemic and local effects, such as increased BP, inflammatory cytokine production, and foam cell formation \[[@CR8], [@CR15], [@CR32], [@CR40]--[@CR42]\]. However, macrophage-specific UII overexpression was found to change the local plaque cellular components more specifically than circulating UII without systemically affecting the plasma lipid levels or BP.

In this study, UII was found to change the plaque cellular components by increasing the proportion of macrophage-derived foam cells and reducing the number of SMCs. Several reports have shown that UII promotes macrophage-derived foam cell formation and accumulation, which indicates plaque vulnerability. This study showed that in vivo local macrophages-overexpressing UII may correlate with SMC reduction and affect plaque stability. In fact, this result somewhat contradicts the increasing circulating UII, which did not exert a significant effect on SMCs in our previous study \[[@CR15]\]. There are also some contradictory reports on the relationship between UII and SMCs in rodents. UII was reported to promote vascular SMC proliferation through store-operated calcium entry and EGFR transactivation in rat cells cultured in vitro \[[@CR43]\]. However, UTR-knockout mice on an apoE knockout background fed a high-fat diet exhibited an enhanced hyperlipidemic and atherosclerotic phenotype, and the conclusions of that study contradicted ours \[[@CR44]\]. In this rabbit study, local UII was found to inhibit the migration of SMCs, consistent with UTR-knockout mouse reports. Along with the inhibition of SMC migration, the reduction may be correlated with foam cell formation and SMC marker loss.

As the most potent UII receptor antagonist, urantide may have potential clinical value in the treatment of atherosclerosis \[[@CR45]\]. To consider its translational value, wild-type rabbits, which are genetically more similar to humans than gene-modified models, were continuously infused with urantide by osmotic mini-pumps to observe its role in stabilizing atherosclerotic plaque. Urantide did not significantly decrease the gross lesions of atherosclerosis but did reduce the proportion of the macrophage-positive lesion area. Urantide also improved the plaque characteristics in hyperlipidemic rabbits by increasing the collagen content. Although urantide showed the potential to downregulate IL-6 levels, it did not significantly change the levels of other plasma cytokines, lipids, or BP. These results show that the dose of urantide used in this study may affect the cellular components and exert effects opposite those of UII on atherosclerotic plaques in rabbits. UII is reportedly involved in the progression of atherosclerosis by activating both its specific and common pathway and then regulating inflammation and cell proliferation \[[@CR46]--[@CR48]\]. Although the dose of urantide used did not significantly change the biological progression mentioned, it affected the plaque composition by inhibiting macrophage-derived foam cell formation.

Endothelial cells play an important role in atherosclerotic plaque initiation \[[@CR49]\]. In vitro experiments with UII and urantide in cultured HUVECs were also performed in this study. The upregulation of VCAM-1 and ICAM-1 by UII was partially reversed by urantide. These results were consistent with a previous report involving human coronary endothelial cells \[[@CR50]\]. UII is believed to participate in the atherogenesis process from initiation to progression. Taken together, these results provide direct evidence of the role of macrophage-expressed UII in atherogenesis. Atherogenesis involves not only circulating UII but also local tissue or cell-secreted UII, and blocking UII/UTR by urantide may promote plaque stability by decreasing the number of macrophage-derived foam cells. Atherosclerosis is a disease associated with aging that progresses faster in postmenopausal women than in men. As such, the development of potent and selective drugs based on the urotensinergic system will have high potential clinical value in the treatment of atherosclerosis.
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